Background Hip dysplasia is prevalent in nonambulatory children with cerebral palsy, and may contribute to a decreased quality of life (Lonstein in J Pediatr Orthop 6:521-526, 1). Reconstructive procedures such as a femoral varus derotation osteotomy with or without a pelvic osteotomy are commonly employed with the goal of achieving and maintaining well reduced hips. Purposes The goals of this study are both to characterize the complications of reconstructive procedures and to identify risk factors that may contribute to these complications. Patients and methods A retrospective analysis was conducted among 61 nonambulatory children (93 hips) with cerebral palsy who underwent a femoral varus derotation osteotomy, with or without an open reduction and/or pelvic osteotomy, from 1992 through 2008 at our institution. The average patient age was 8.1 years (2.6-14.7) and the mean follow-up time was 5.9 years (2.1-15.9). Results The cumulative complication rate per patient including failures to cure was 47.6 %. Spica casting was found to be a risk factor for all complications (P = 0.023); whereas patients younger than 6 years old (P = 0.013) and children with a tracheostomy (P = 0.004) were found to be risk factors for resubluxation following surgery.
Introduction
Hip dysplasia is identified in up to 57 % [1] of nonambulatory patients with spastic quadriplegic cerebral palsy (CP). Reconstructive procedures are commonly performed to treat hip subluxation or dislocation, most commonly soft tissue releases and a femoral varus derotation osteotomy (VDRO) with or without an open reduction and/or pelvic osteotomy. The goal of these procedures is to retain located, mobile, and painless hips [2, 3] .
While the reported complication rates for hip reconstructive surgery in patients with CP have varied considerably (0-81 %), [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] it is difficult if not impossible to compare studies since all but one [18] are based upon mixed populations of ambulators and nonambulators with no uniformity in defining a complication. Severity of disease, as indicated by limited ambulatory ability, the presence of a tracheostomy or gastrostomy, and Gross Motor Function Classification System (GMFCS), has been shown to be an important determinant for both the incidence of hip displacement and the risk of complications [16] . These previous studies have reported perioperative complications, but have not considered longer term problems such as resubluxation or redislocation as a complication. Our impression is that those patients with a dislocation, and those with subluxation in whom the natural history would result in dislocation, can be viewed as ''failures to cure'', a long term complication.
With the goal of achieving better consistency in defining and categorizing complications, adaptations of the Clavien classification [19] have been reported, including the Clavien-Dindo [20] . The Clavien-Dindo scheme was adapted by Sink et al. [21] for use in orthopaedics ( Table 1) .
The goals of this retrospective review are to (1) document the spectrum of complications following reconstructive hip procedures in nonambulatory patients with spastic quadriplegia (GMFCS 4,5) while these complications according to Sink's modification of the Clavien-Dindo scheme, and (2) identify risk factors for these complications.
Methods
After obtaining approval from our Institutional Review Board, we performed a retrospective chart review of patients with spastic quadriplegic CP (GMFCS 4,5) treated with reconstructive hip surgery (soft tissue release and femoral varus derotational osteotomy with or without a pelvic osteotomy) for progressive subluxation or dislocation of the hip between 1/1/1992 and 12/31/2008, and a minimum follow-up of 2 years. Patients were identified through CPT codes (27258, 27259, 27165, 27146, 27147, 27151, 27156, and 27001).
The information collected for each patient is shown in Table 2 , and the peri-operative, post-operative, and long term complications documented are shown in Table 3 . With regard to the radiographic evaluation, the migration index of Reimer (RMI) was used to evaluate hip outcomes because of its reproducibility and its relationship to prognosis [22] . We defined a normal hip as having a RMI B30 %, mildly subluxated as 30 % \ RMI \ 60 %, severely subluxated as 60 % B RMI \ 90 %, and dislocated as RMI C90 %. Severely subluxated hips with an unfavorable prognosis based on migration index ([60 %) were considered failures to cure, since we would predict that all of these would become dislocated over the long term [23] .
Statistical methods
Comparison of complication rates was performed by using Chi square analysis in cases where variables were dichotomous and there were [5 events per cell. In cases where Table 3 ) Postoperative data
Type and length of immobilization
Need for additional procedures
Complications during admission and through latest followup (see Table 3 
Results
Our initial search of CPT codes identified 156 surgical procedures (VDRO ± pelvic osteotomy) in 124 patients.
Sixty-three patients were excluded because they were ambulatory (30), lost to follow-up (19) , had inadequate follow-up (8), or were treated by a salvage procedure such as valgus osteotomy or proximal femoral resection (6) . Our final study group therefore included 93 hips in 61 patients (Fig. 1) .
The average age at surgery was 8.1 years (range 2.6-14.7). 31 patients (51 %) were male and 30 (49 %) were female. Twenty-eight patients (45.9 %) had bilateral surgery and a pelvic osteotomy was performed on 38 hips (40 %). The average follow-up was 5.9 years (range 2.1-15.9). A summary of findings is provided in Appendix 1. The surgeries were performed at our institution by one of five attending surgeons.
Of the 61 patients (with a total of 93 hips) who underwent a unilateral or bilateral VRDO ± a Dega osteotomy, 29 patients had at least one complication in the period from surgery to final follow-up for a total complication rate of 47.6 % per patient and 32.3 % per VDRO performed. Excluding failures to cure (RMI C60 % at final follow-up) the total complication rate was 41 % per patient or 26.8 % per VDRO performed. Due to three patients having multiple complications each, there were 35 cumulative complications. To reduce redundancy, we report complication grades according to Sink et al's complication grading scheme with percentages corresponding to complications per patient. There were a total of eight grade I complications (13 %) consisting of three decubitus ulcers, one case of heterotopic ossification (HO), two cases of severe pain, and two cases of atelectasis. Of the eleven grade II complications (18 %) there were eight femur fractures, one case of intraoperative malignant hyperthermia, one superficial wound infection, and one urinary tract infection. The only grade IIIa complication (2 %) was a case of respiratory failure that occurred intraoperatively. The 14 grade IIIb complications (23 %) included two resubluxations with a RMI C60 % but \90 %, six redislocations with a RMI [90 %, five symptomatic implants requiring removal, and one loss of implant fixation. The lone grade IV complication (2 %) was a case of avascular necrosis (AVN).
Of the pre-, peri-, and post-operative variables collected, only post-operative immobilization with a spica cast positively correlated with future complications (P = 0.023). Furthermore, surgeries performed on children under the age of 6 years of age and children with tracheostomies were the only factors that predisposed to failures to cure (P = 0.013 and P = 0.004, respectively). Survival plots for time until resubluxation for the total study population, for patients with and without a tracheostomy, and for patients below and above the age of six are displayed below as Figs. 2, 3, 4, 5 and 6, respectively. 
Discussion
Neuromuscular hip dysplasia is common in nonambulatory patients with spastic quadriplegia, and reconstructive surgical procedures are often performed to address progressive subluxation or dislocation. Children with a greater severity of neurologic impairment have been shown to have a greater prevalence and severity of hip dysplasia [3] in addition to the highest complication rates [16] . Our first goal was to document the spectrum of complications following reconstructive surgery for neuromuscular hip dysplasia. The complication rate in this series (47.6 % per patient) falls nearly in the center of the range Inadequate follow up (< 2 years) (n = 8)
Analysis
Analyzed (n =61; 93 hips) (Table 4 ) [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Our rate may also be elevated by the choice to include the category of ''failure to cure'' as a complication, rather than the more common practice to review the patient's perioperative course for complications related to the procedure. Our review of the literature identified 16 studies reporting on 851 hips (3.3-20 years, 46-100 % nonambulators) followed for 4-16 years (Table 4) . Most of these studies have reported complications during the perioperative period, have included a subset of ambulatory patients, and have varied in their definition of a complication.
Among these studies there were 534 VDRO's and 439 VDRO's and a pelvic osteotomy with or without open reduction of the hip. Unilateral procedures were performed for 401 hips, and bilateral in 233. The most common complication was a femur fracture (9.4 % of hips), which mirrors our experience (8.6 % of hips). Fractures have been linked to immobilization in a spica cast, although in our study both the casted and non-casted groups totaled four fractures each. Other complications included pressure sores (3.3 % of cumulative patients), infection (2 %), AVN (10 %), HO (2.3 %), arthritis from an incongruent joint (2.7 %), implant failure (0.9 %), and symptomatic implants (0.8 %). Medical complications mostly involved the pulmonary system (respiratory failure, pneumothorax, pneumonia, or atelectasis).
In our study persistent instability was identified in 9 % of cases [2 % severe subluxation (RMI [60 %), 7 % redislocation]. Most studies have not considered ''failure to cure'' as a complication, namely redislocation or a RMI which would predict progressive subluxation leading to dislocation. In previous studies, which have included a subset of ambulatory patients, resubluxation was reported in 76 of 678 hips (11 %, range 2-14 %, 14/16 studies), while redislocation was observed in 20/678 hips (3 %, range 0-16 %, 14/16 studies). With regard to radiographic outcomes, the average RMI at follow-up was 17 % (12/16 studies), while the acetabular index was 21.2 (10/16 studies). The neck-shaft angle was only reported in 5/16 studies, and ranged from 104 to 133 degrees at follow-up.
According to Sink's modification of the Clavien-Dindo scheme, 19 of our 35 complications were mild (Grade I or II). Of the remaining 16 complications, 8 were failures to cure and 5 involved symptomatic implants. We found that the single grade IV complication was an asymptomatic case of avascular necrosis. AVN was reported as a complication in 64 cases (7/16 studies), 33 of which were observed in a single series (Khalife) . As AVN varies in severity, and is usually asymptomatic in the nonambulatory population with cerebral palsy, it remains questionable whether AVN should be classified as a grade IV unless long term symptoms are present or would be predicted. Noonan et al. reported a complication rate of 81 % in 65 patients (92 % nonambulatory), including 15 cases of ''incongruent hips'', a radiologic finding for which we did not report.
As demonstrated in Table 5 , incorporating these ''failures to cure'' into the literature review [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] raises the composite complication rate from 38 % up to 54 %, while at the same time skewing the complication grades towards the more severe. The proportion of grade IIIb complications alone jumps from 24 to 43 %. We believe that this reclassification helps to better estimate the true risks associated with this intervention. Our second goal was to identify the risk factors for these complications. Only spica cast immobilization (P = 0.023) was linked to all-cause complications, while patients younger than 6 years old (P = 0.013) and children with a tracheostomy (P = 0.004) were linked to failures to cure. Previous studies have shown that spica immobilization is associated with an increased risk of fractures [17] . Taking a closer look at the complications associated with spica casting in our current series, the distribution of specific complications is mostly equivalent among the spica and non-spica groups (four femur fractures in each) with the exception of the CD type I complications, of which, six of eight were related to the cast: three decubitus ulcers, one cases of heterotopic ossification, and two cases of severe pain with one definitely related to the cast requiring cast removal. With regard to the other risk factors, the presence of a tracheostomy indicates a greater severity of neurologic involvement, likely increasing the risk of recurrent instability. Furthermore, as progression of neuromuscular hip dysplasia is in part due to muscle imbalance within the setting of rapid growth, it seems plausible that younger patients would be at greater risk for recurrence of instability.
There are several limitations of our study, including the fact that patients were treated by a number of different surgeons over a 10 year period, and the data is retrospective. One important variable that likely relates to complications following surgical procedures in the neuromuscular population is nutritional status, which was not controlled in our study. Our current practice includes a preoperative nutritional consultation prior to reconstructive procedures for neuromuscular hip dysplasia, and while many patients are suitable candidates with oral supplementation, a more limited number have even required placement of a Table 5 Proportion of complications according to grade comparing the present series to the cumulative total from the studies represented in Table 4 Classification according to Sink gastrostomy tube to achieve appropriate nutritional parameters for these procedures.
Conclusions
While complications are frequent in nonambulatory patients with CP following reconstructive hip surgery, the vast majority are minor and do not result in permanent problems. Immobilization in a spica cast should be avoided if possible due an increased risk for cast-related complications. Furthermore, younger patients with greater levels of neurologic impairment are at the greatest risk for a complication. We suggest that ''failure to cure'' be considered a long term complication. While adopting a uniform classification scheme for complications of surgical procedures is a worthy goal, our impression is that systems used in the general surgical literature must be adapted to characterize the nuances of orthopaedic complications.
Appendix
See Table 6 . 
